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PROBLEM TO BE SOLVED: To provide a drive 
method for a solid-state image pickup device 
where a threshold voltage is modulated 
uniformly over the entire channel area of an 
insulation gate field effect transistor for 
detecting an optical signal. 
SOLUTION: The drive method for the 
solid-state image pickup device, where an 
optical signal is read by repeating a storage 
period in which optically generated charges 
from a light receiving diode receiving light 
emission are stored in a carrier pocket 25; a 
read period in which the optical signal on the 
basis of the optically generated charges stored 
in the carrier pocket 25 is read; and an initializing period in which the optically 




generated charges left in the carrier pocket 25 are discharged in this order, has a 
voltage applied to a gate electrode 19 of the insulation gate field effect transistor for 
detecting the optical signal so that most of the optically generated charges stored in 
the carrier pocket 25 is discharged from the carrier pocket for the initializing period, 
and a prescribed amount of the charges is left in the carrier pocket 25. 
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* NOTICES * 

JPO and MCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated, 
3.1n the drawings, any words are not translated, 



CLAIMS 



[Claim(s)] 

[Claim 1] the unit pixel equipped with the insulated gate field effect transistor for lightwave 
signal detection which adjoins light-receiving diode and this light-receiving diode — having 
— the part of said insulated gate field effect transistor — a well — with the drain field 
prepared in the field The channel field between a source field, and said drain field and said 
source field, said near source field — it is — the well under a channel field — it was 
prepared in the field — It has the high concentration buried layer which accumulates the 
optical generating charge generated by optical exposure for said light-receiving diode. The 
solid state camera which has the solid state image sensor which accumulates said optical 
generating charge in said high concentration buried layer, is made to modulate threshold 
voltage, and detects a lightwave signal is used. The are recording period which stores up the 
optical generating charge generated by optical exposure in said high concentration buried 
layer for said light-receiving diode, The read-out period which reads the lightwave signal 
based on the optical generating charge accumulated in said high concentration buried layer, 
Are the drive approach of the solid state camera which repeats the initialization period 
which discharges the optical generating charge which remains to said high concentration 
buried layer in this order, and reads a lightwave signal, and it sets at said initialization period. 
The drive approach of the solid state camera characterized by impressing an electrical 
potential difference to the gate electrode of said insulated gate field effect transistor for 
lightwave signal detection so that most may be discharged out of a high concentration 
buried layer among the optical generating charges accumulated in said high concentration 
buried layer and the specified quantity may remain in said high concentration buried layer. 
[Claim 2] said well by which the gate electrode of said insulated gate field effect transistor 
has the shape of a ring, and said source field was surrounded with said gate electrode — it 
is formed in the surface of a field and said drain field surrounds said gate electrode — as — 
said well — the drive approach of the solid state camera according to claim 1 characterized 
by being formed in the surface of a field. 

[Claim 3] The neighborhood of the source field in which said high concentration buried layer 
was formed is the drive approach of the solid state camera according to claim 1 or 2 
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characterized by for the direction of channel length from said drain field to said source field 
being a field a part, and being said source field side, 

[Claim 4] Said high concentration buried layer is the drive approach of claim 1 characterized 
by being formed over the channel width direction whole region thru/or a solid state camera 
given in any 1 of 3= 

[Claim 5] The gate electrode of said insulated gate field effect transistor and its 
circumference are the drive approach of claim 1 characterized by being shaded thru/or a 
solid state camera given in any 1 of 4, 

[Claim 6] Said solid state camera is the drive approach of claim 1 characterized by to have 
further the vertical-scanning signal drive scanning circuit which supplies a scan signal to 
the gate electrode of said insulated gate field effect transistor for lightwave-signal 
detection, the drain electrical-potential-difference drive scanning circuit which supplies a 
drain electrical potential difference to the drain field of said insulated gate field effect 
transistor, the horizontal scanning signal input scanning circuit which supplies the scan 
signal which reads the electrical potential difference of the source field of said insulated 
gate field effect transistor, and the video-signal output terminal which output said lightwave 
signal thru/or a solid state camera given in any 1 of 5. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the drive approach of the solid state 
camera using the MOS mold image sensors of a threshold voltage modulation technique 
used for a video camera, an electronic camera, an image input camera, a scanner, or 
facsimile in more detail about the drive approach of a solid state camera. 
[0002] 

[Description of the Prior Art] Since semi-conductor image sensors, such as CCD mold 
image sensors and MOS mold image sensors, are excellent in mass-production nature, they 
are applied to almost all images input device equipment with progress of the detailed-ized 
technique of a pattern. MOS mold image sensors are improved taking advantage of the 
advantage that power consumption is small and can create a sensor component and a 
circumference circuit element by the same CMOS technology especially in recent years 
compared with CCD mold image sensors. 

[0003] In view of the trend of such a world, the applicant for this patent improved MOS mold 
image sensors, performed patent application (Japanese Patent Application No. No. 186453 
[ ten to ]) about the sensor component which has the carrier pocket (high concentration 

buried layer) 25 under the channel field of MOS transistor 1 12 for lightwave signal detection, 
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and has acquired the patent (registration number No, 2835492), These MOS mold image 
sensors have circuitry shown In patent (registration number No. 2335492) drawing 8 (a), and 
In that actuation, as shown in drawing 8 (b) of said patent, they pass through an initialization 
period-are recording period-read-out period. Discharge and initialize the optical generating 
electron hole which remains in the hole pocket 25 by electric field at an initialization period, 
and make an are recording period produce an optical generating electron hole by optical 
exposure, it is made to accumulate in the hole pocket 25, and the lightwave signal which is 
proportional to the accumulated dose of an optical generating electron hole at a read-out 
period is detected. 

[0004] Moreover, although the applicant for this patent is performing various new 
applications in relation to invention concerning this patent (registration number No. 
2935492) According to them, as the dotted line of drawing 1 of this application shows, it 
sets at an initialization period. By making the potential (Vpg (VSCAN)), drain potential (Vpd), 
and source potential (Vps) of a gate electrode into high potential, and adding high electric 
field from the front face of MOS transistor 1 1 2 for lightwave signal detection He sweeps out 
completely the optical generating charge accumulated in the carrier pocket 25 from the 
carrier pocket 25, and is trying not to overlap the lightwave signal corresponding to the 
optical generating charge newly accumulated on the noise by residual charge. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the solid state image sensor 
which has the insulated gate field effect transistor 112 for photodetection of the 
above-mentioned solid state camera, it has the carrier pocket 25 of the shape of a ring to 
which the concentration of an acceptor is high rather than the periphery, and the well 
containing a carrier pocket — where a field is depletion-ized, an electron hole is injected 
into the carrier pocket 25, the negative charge which consists of an acceptor in the carrier 
pocket 25 is carbonated, and threshold voltage is modulated. 

[0006] With such structure, when the acceptor concentration and the pattern configuration 
in the carrier pocket 25 are not uniform, potential does not become uniform over the whole 
region of the carrier pocket 25, but the height of potential arises in a part. In such a case, to 
the hole injection of a low, an electron hole is unevenly distributed in the low place of 
potential, and the surface potential in a channel field also varies corresponding to this 
maldistribution. For this reason, the modulation of threshold voltage becomes less uniform 
in a channel field, are recording distribution of a hole is not reflected, but linearity is lost, 
and component current distribution has the problem that the so-called black crushing of an 
image will arise. 

[0007] This invention is created in view of the trouble of the above-mentioned conventional 
technique, and offers the drive approach of a solid state camera that threshold voltage can 
be uniformly modulated over the channel field whole region of the insulated gate field effect 
transistor for photodetection. 
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[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, 
as this invention relates to the drive approach of a solid state camera and it is shown In 
drawing 6 and drawing 7 (a) as a basic configuration of the solid state camera used for that 
drive approach It has each unit pixel 101 containing the insulated gate field effect transistor 
112 for lightwave signa! detection (MOS transistor) which adjoins the light-receiving diode 
111 and the light-receiving diode 111= the well which connected the light-receiving diode 
1 1 1 and MOS transistor 1 1 2 mutually in each unit pixel 101 ■ — field 1 5a — it forms in 1 5b — 
having — the well of the periphery of the source field of MOS transistor 112 — it is 
characterized by having the high concentration buried layer (carrier pocket) 25 which 
accumulates an optical generating charge into field 15b. 

[0009] Especially, the configuration of the high concentration buried layer 25 has the shape 
of a ring corresponding to the configuration of the gate electrode 19. In the drive approach 
of the solid state camera of this invention The are recording period which stores up the 
optical generating charge generated by optical exposure in the high concentration buried 
layer 25 using the above-mentioned solid state camera as shown in drawing 1 , The 
read-out period which reads the lightwave signal based on the optical generating charge 
accumulated in the high concentration buried layer 25, Are the drive approach of the solid 
state camera which repeats the initialization period which discharges the optical generating 
charge which remains to the high concentration buried layer 25 in this order, and reads a 
lightwave signal, and it sets at an initialization period. Most is discharged out of the high 
concentration buried layer 25 among the optical generating charges accumulated in the high 
concentration buried layer 25, and it is characterized by impressing an electrical potential 
difference to the gate electrode 19 of the insulated gate field effect transistor 112 for 
lightwave signal detection so that the specified quantity may remain in the high 
concentration buried layer 25. 

[0010] Below, operation and effectiveness of being done so by the above-mentioned 
configuration are explained, by the way — the above-mentioned solid state camera — a 
well — impressing a forward high electrical potential difference to the gate electrode 19 in 
an initialization period, when field 1 5b and the high concentration buried layer 25 are p molds 
— a well — the potential by the side of a field 15b front face is raised, the potential barrier 
of the high concentration buried layer 25 is made shallow, and an optical generating charge 
is discharged from the high concentration buried layer 25. 

[001 1] Although the potential barrier of the high concentration buried layer 25 is made 
shallow by impressing the suitable electrical potential difference for the gate electrode 19 
as the continuous line of drawing 2 (b) shows, while making it the suitable depth and 
discharging most optical generating charges, he is trying to leave only the optical generating 

charge of the specified quantity especially in this invention. While being able to store up by 
this the amount only of charges which the so-called black crushing does not generate in the 
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high concentration buried layer 25 before are recording, as shown in drawing 3 (b), flattening 
of the potential distribution is carried out over the whole region of the high concentration 
buried layer 25. Therefore, since an optical generating charge inclines and is accumulated 
that there is nothing when an optical generating charge is stored up more than it from such 
a condition, the modulation of threshold voltage becomes uniform. 

[0012] in addition, a well — when a field etc. is a conductivity type contrary to the above 
(i.e., when a high concentration buried layer is n mold), a high concentration buried layer 
serves as an electron pocket (carrier pocket), and will accumulate an optical generating 
electron, in this case, the thing for which a negative large electrical potential difference is 
impressed to the gate electrode 19 — a well — the potential by the side of a field 1 5b front 
face is reduced, the potential barrier of the high concentration buried layer 25 is made 
shallow, and an optical generating charge is discharged from the high concentration buried 
layer 25. 
[0013] 

[Embodiment of the Invention] Below, it explains, referring to a drawing about the gestalt of 
operation of this invention. Drawing 6 is the top view showing the component layout in the 
unit pixel of the MOS mold image sensors concerning the gestalt of operation of this 
invention. As shown in drawing 6 , the light-receiving diode 1 1 1 and MOS transistor 1 12 for 
lightwave signal detection are adjoined and formed in the unit pixel 101. As MOS transistor 
1 12, the n channel MOS (nMOS) which has low concentration drain structure (LDD 
structure) is used. 

[0014] the well from which these light-receiving diode 1 1 1 and MOS transistor 112 differ, 
respectively — a field, i.e., the 1st well, — field 15a and the 2nd well — it forms in field 15b 
— having — those wells — Fields 15a and 15b are connected mutually, the 1st well of the 
part of the light-receiving diode 111 — field 15a constitutes a part of generating field of the 
charge by optical exposure, the 2nd well of the part of MOS transistor 112 — field 15b 
constitutes the gate field to which the threshold voltage of a channel can be changed with 
the potential given to this field 1 5b. 

[0015] The part of MOS transistor 112 has low concentration drain (LDD) structure. The 
drain fields 17a and 1 7b are formed so that the periphery section of the ring-like gate 
electrode 19 may be surrounded, and the source field 16 is formed so that it may be 
surrounded by the inner circumference of the ring-like gate electrode 19. The impurity 
range 1 7 of the light-receiving diode 1 1 1 which low-concentration drain field 1 7a extends, 
and has the almost same high impurity concentration as low-concentration drain field 17a is 
formed, namely, the 1st and 2nd wells which connected mutually an impurity range 1 7 and 
low-concentration drain field 17a — it is formed in one so that most fields may start the 
surface of Fields 1 5a and 15b. Moreover, high—concentration drain field 17b as a contact 
layer is formed so that a light sensing portion may be avoided to the outside periphery of an 
impurity range 1 7 and low-concentration drain field 1 7a and it may connect with low 
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concentration drain field 1 la, 

[0016] furthermore, the carrier pocket (high concentration buried layer) 25 which is the 
description of these MOS mold image sensors — the 2nd well under the gate electrode 19 
— it is in field 1 5b, and it is formed so that the source field 16 may be surrounded in the 
periphery of the source -field 16. The drain fields 17a and 17b are connected with the drain 
electrical-potential-difference (VDD) supply line (or drain electrode) 22 through contact 
layer 17b of low resistance, the gate electrode 19 is connected to the vertical-scanning 
signal (VSCAN) supply line 21, and the source field 16 is connected to the perpendicular 
output line (or source electrode) 20. 

[001 7] Moreover, the component of the above solid state image sensor is covered with the 
insulator layers 28, such as silicon oxide, and the metal layer (light-shielding film) 23 which 
shades fields other than light-receiving aperture 24 of the light-receiving diode 1 1 1 is 
formed on this insulator layer 28. It sets in the component actuation for the lightwave signal 
detection in the above-mentioned MOS mold image sensors, and is an are recording 
period-read-out period-**** period (initialization period)-are recording period. - A series 
of processes of an are recording period-read-out period-**** period (initialization period) 
are repeated like In addition, with the gestalt of this operation, the blanking period is 
established between the initialization period and the are recording period. 
[001 8] in an are recording period, a carrier is generated by optical exposure — making — 
the inside of a carrier — an electron hole (hole) — the 1st and 2nd wells — the inside of 
field 15a and 15b is moved, and it is made to accumulate in the carrier pocket 25 In this 
case, while impressing the forward electrical potential difference of +3.3V to the drain fields 
17a and 17b and the source field 16 about, let the gate electrode 19 be touch-down 
potential. Moreover, in the period at the time of termination of an are recording period, while 
holding gate potential (Vpg) with touch-down potential, let potential (Vps) of the source 
electrode 19 be touch-down potential, on the other hand — the potential (Vpd) of a drain 
electrode — about 3.3 — it is kept at V. 

[0019] This are recording period is also a period to which the electrical potential difference 
of a difference with the 2nd source potential before the 1st source potential and lightwave 
signal which were modulated with the lightwave signal made to memorize, respectively go 
into the 1st and 2nd Rhine memory at the last period is made to output. Change of the 
threshold voltage of MOS transistor 1 12 by the optical generating charge accumulated in 
the carrier pocket 25 is read as change of source potential, and the 1st Rhine memory is 
made to memorize in a read-out period. While impressing the forward electrical potential 
difference of +2-3V to the drain fields 17a and 17b about so that MOS transistor 1 12 may 
operate by the saturation state, the forward electrical potential difference of +2-3V is about 
impressed also to the gate electrode 1 9. 

[0020] In an initialization period (**** period), before accumulating an optical generating 
charge (optical generating carrier), an electron hole, an electron, etc. which carbonate an 
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optical generating charge, an acceptor, a donor, etc. to whom read-out finishes and remains, 
or are captured by surface level discharge the residua! charge before read-out of a 
lightwave signal out of a semi-conductor, The optical generating charge of a constant rate 
is made to remain among the optical generating charges accumulated in the carrier pocket 
25 at this time, without emptying the carrier pocket 25 completely. In this case, an electrical 
potential difference to which the optical generating charge of a constant rate remains 
among optical generating charges at the carrier pocket 25 to the source field 1 6, the drain 
fields 1 7a and 17b, or the gate electrode 19, for example, the forward electrical potential 
difference not more than +5V, is impressed, 

[0021] It is a period required for a cuff of a horizontal scanning between an initialization 
period and an are recording period, and the 2nd Rhine memory is made to memorize the 2nd 
source potential in the condition of having swept out the optical generating charge from the 
carrier pocket 25 using this period, in a blanking period. Next, the device cross-section 
structure of the MOS mold image sensors concerning the gestalt of operation of this 
invention is explained using drawing 7 (a) and (b). 

[0022] Drawing 7 (a) is a sectional view which meets the II — II line of drawing 6 , and shows 
the device structure of the MOS mold image sensors concerning the gestalt of operation of 
this invention. Drawing 7 (b) is drawing showing the situation of potential along a 
semi-conductor substrate front face. As shown in drawing 7 (a), on the 
high-impurity-concentration 1x substrate 1 1 which consists of three or more [ 1018cm - ] 
p-type silicon, 3 about [ 1x1 01 5cm high impurity concentration to ] n mold silicon is grown 
epitaxially, and an epitaxial layer 12 is formed. 

[0023] Two or more formation of the unit pixel 101 which contains the light-receiving diode 
111 and MOS transistor 1 12 for lightwave signal detection in this epitaxial layer 12 is carried 
out. And the field insulator layer (isolation insulator layer) 14 is formed in epitaxial layer 12 
front face between the adjoining unit pixels 101 of selective oxidation (LOCOS) so that 
each unit pixel 101 may be separated. Furthermore, it is the lower part of the field insulator 
layer 14, and the component isolation region 13 of p mold is formed so that the epitaxial 
layer 12 of n mold may be divided into the substrate 1 1 upper part, including the whole 
interface of an epitaxial layer 12 and the field insulator layer 14. 

[0024] Next, drawing 7 (a) explains the detail of the light-receiving diode 111. The 
light-receiving diode 1 1 1 consists of surfaces of 1st well field 15a of p mold formed in the 
epitaxial layer 12 and the surface of an epitaxial layer 12, and 1st well field 15a in the 
impurity range 17 of n mold which extends on the surface of an epitaxial layer 12. 
[0025] The impurity range 17 is formed so that it may extend from low-concentration drain 
field 17a of MOS transistor 1 1 2 for lightwave signal detection which has low concentration 
drain (LDD) structure. In the are recording period which gave [ above-mentioned ] 
explanation, it connects with the drain electrical-potential-difference supply line 22, and 
bias of the impurity range 17 is carried out to electropositive potential, this time — an 
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impurity range 17 and the 1st well — an interface with field 15a to a depletion layer — - the 
1st well — the whole field 15a Is reached at the epitaxial layer 12 of breadth and n mold, on 
the other hand — - the interface of a substrate 11 and an epitaxial layer 12 to a depletion 
layer — an epitaxial layer 12 — breadth and the 1st well — field 15a is reached. 
[0026] the 1st well — since field 15a and an epitaxial layer 12 are connected with gate field 
15b of MOS transistor 112, they can use effectively these holes generated by light as a 
charge for the threshold voltage modulation of MOS transistor 1 12. if it puts in another way 
— the 1st well — field 15a and the epitaxial layer 12 whole serve as a carrier generating 
field by light. 

[0027] Moreover, the light-receiving diode 1 1 1 has the embedded structure to the electron 
hole (hole) generated by light in that the carrier generating field by light is arranged under an 
impurity range 17 in the above-mentioned light-receiving diode 111. Therefore, it is not 
influenced by the semi-conductor layer front face with many trapping levels, but reduction 
of a noise can be aimed at. Next, drawing 7 (a) explains the detail of MOS transistor 1 12 for 
lightwave signal detection. 

[0028] the 2nd well of p mold with which MOS transistor 112 part was formed sequentially 
from the bottom in the substrate 1 1 of p mold, the epitaxial layer 12 of n mold formed on 
this substrate 1 1, and this epitaxial layer 12 — it has field 1 5b. This MOS transistor 1 12 has 
the structure where low-concentration drain field 1 7a of n mold surrounds the periphery of 
the ring-like gate electrode 1 9. Low-concentration drain field 1 7a of n mold is formed in one 
with the impurity range 17 of n mold. It connects with this impurity range 1 7, and 
high-concentration drain field 17b prolonged even in the component isolation region 13 and 
the isolation insulator layer 14 is formed in the outside periphery of the impurity range 17 
which extends from low-concentration drain field 17a. High-concentration drain field 17b 
becomes the contact layer of the drain electrode 22. 

[0029] Moreover, the source field 16 of n mold is formed so that it may be surrounded with 
the ring-like gate electrode 19. The center section serves as high concentration and, as for 
the source field 16, the periphery serves as low concentration. The source electrode 20 is 
connected to the source field 16. the gate electrode 19 — the 2nd well between drain field 
17a and the source field 16 — it is formed through gate dielectric film 18 on field 15b. the 
2nd well under the gate electrode 1 9 — the surface of field 15b serves as a channel field. 
Furthermore, in the usual operating voltage, in order to hold a channel field in a reversal 
condition or the DEPURESHON condition, n mold impurity of the suitable concentration for 
a channel field is introduced, and channel dope layer 15c is formed. 

[0030] the 2nd well under the channel field — it is in field 15b, the direction of channel 
length is the periphery of a field 1 6, i.e., a source field, a part, and the source field 16 is 
surrounded — as — p+ The carrier pocket (high concentration buried layer) 25 of a mold is 
formed. This p+ The carrier pocket 25 of a mold can be formed with the ion-implantation of 
an acceptor, the 2nd well below the channel field which produces the carrier pocket 25 on a 
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front face — it is formed in field 1 5b. As for the carrier pocket 25, forming so that a channel 
field may not be started Is desirable* 

[0031] a well — when a field is depletiorrized, an acceptor serves as negative charge. In the 
carrier pocket 25 of the above-mentioned p+ mold, since acceptor concentration (high 
impurity concentration) is made high compared with carrier pocket 25 periphery, negative 
charges increase in number. For this reason, compared with the potential of carrier pocket 
25 periphery, the potential of the carrier pocket 25 becomes low to an optical generating 
hole among optica! generating charges. Thereby, an optical generating hole can be brought 
together in this carrier pocket 25. 

[0032] An optical generating hole is accumulated in the carrier pocket 25 at drawing 7 (b), 
and the potential Fig. in the condition that induction of the electron was carried out to the 
channel field, and the reversal field is generated is shown. The threshold voltage of MOS 
transistor 1 12 changes with these stored charge. Therefore, detection of a lightwave signal 
can be performed by detecting change of this threshold voltage, by the way, the electric 
field which impress a high electrical potential difference to the gate electrode 19, and are 
produced by it in the **** period of the above-mentioned carrier — the 2nd well — the 
carrier which remains in field 15b is swept out to the substrate 1 1 side, in this case, the 
impressed electrical potential difference — channel dope layer 15c of a channel field, and 
the 2nd well — an interface with field 1 5b to a depletion layer — the 2nd well — field 1 5b — 
the interface of breadth and the substrate 1 1 of p mold, and an epitaxial layer 12 to a 
depletion layer — the 2nd well — it spreads in the epitaxial layer 12 under field 15b. 
therefore, the range where the electric field by the electrical potential difference impressed 
to the gate electrode 1 9 reach — mainly — the 2nd well — field 1 5b and the 2nd well — the 
epitaxial layer 12 under field 15b is covered. 

[0033] Next, with reference to drawing 4 , the configuration of the whole MOS mold image 
sensors using the unit pixel of the above-mentioned structure is explained. Drawing 4 
shows the circuitry Fig. of the MOS mold image sensors in the gestalt of operation of this 
invention. As shown in drawing 4 , these MOS mold image sensors have taken the 
configuration of a two-dimensional array sensor, and the unit pixel 101 of the 
above-mentioned structure is arranged by the direction of a train, and the line writing 
direction in the shape of a matrix. 

[0034] Moreover, the drive scanning circuit 102 of a vertical-scanning signal (VSCAN) and 
the drive scanning circuit 1 03 of a drain electrical potential difference (VDD) are arranged 
across the pixel field at the right and left, every one vertical-scanning signal supply lines 
21a and 21b have come out from the drive scanning circuit 1 02 of a vertical-scanning signal 
(VSCAN) for every line. Each vertical-scanning signal supply lines 21a and 21b are 
connected to the gate of MOS transistor 1 12 in all the unit pixels 101 on a par with a line 
writing direction. 

[0035] moreover, every one drain electrical-potential-difference supply lines (VDD supply 
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line) 22a and 22b have come out from the drive scanning circuit 103 of a drain electrical 
potential difference (VDD) for every line. Each drain eiectrical-potential-difference supply 
lines (VDD supply line) 22a and 22b are connected to the drain of MOS transistor 112 for 
lightwave signal detection in all the unit pixels 101 on a par with a line writing direction. 
Moreover, different perpendicular output fines 20a and 20b for every train are formed, and 
each perpendicular output fines 20a and 20b are connected to the source of MOS transistor 
1 12 in all the unit pixels 101 located in a Sine in the direction of a train, respectively. 
[0036] Furthermore, the source field of MOS transistor 1 12 is connected with the signal 
output circuit 105 through the perpendicular output lines 20a and 20b for every train. The 
video signal (Vout) which does not contain the noise component by residual charge which 
drove MOS transistor 112 of sequential ** each unit pixel 101, and is proportional to the 
amount of incidence of light with a vertical-scanning signal (VSCAN) and a horizontal 
scanning signal (HSCAN) is read from the signal output circuit 105. 

[0037] The detail of the above-mentioned signal output circuit 105 is shown in drawing 5 (a) 
and (b). In drawing 5 (a), the source field is directly linked with the Rhine memory which 
consists of an input capacitor in the above-mentioned signal output circuit 105. It is 
characterized by having not connected active loads, such as a constant current source, to a 
source field. As shown in drawing 5 (a), the 1 st Rhine memory Lms which connected through 
the source field of MOS transistor 1 12 for lightwave-signal detection and the 1st switch CK 
1 memorizes the source potential containing a lightwave-signal electrical potential 
difference and the noise voltage by the residual charge before are recording of an optical 
generating charge, and the 2nd Rhine memory Lmn which similarly connected with the 
source field through the 2nd switch CK 2 memorizes the source potential only containing 
the above-mentioned noise voltage. And each memorized source potential is inputted into 
the operation amplifying circuit 31 through the 3rd switch CK 3 and the 4th switch CK 4, 
respectively, and the lightwave signal electrical potential difference which is a difference 
electrical potential difference is outputted to the video-signal output terminal 107 through 
the water Hiraide line of force 26. The operation amplifying circuit 31 has circuitry which 
constitutes a swicthed capacitor circuit combining the memory capacitors Lms and Lmn. 
[0038] Drawing 5 (b) is the circuit diagram showing the example of other signal output 
circuits 105. Although the Rhine memory Lms and Lmn which consists of an input capacitor 
is directly linked with the source field 16 in the signal output circuit 105 in drawing 5 (a), as 
shown in drawing 5 (b), a constant current source (load circuit) 106 is connected to 
juxtaposition, and it is good for the Rhine memory also as source follower connection. 
[0039] In addition, in order to show opening and closing an applicable wiring way functionally, 
it is typically shown in a form like drawing 5 , but the switches in the above-mentioned 
signal output circuit 105 (CK1-CK6) are independent, or it combines an MOS transistor etc., 
and is used so that circuit actuation explained to the gestalt of this operation in fact may be 
performed appropriately. Drawing 1 shows the timing chart of each I/O signal for operating 
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the MOS mold image sensors concerning this invention, in this case — as MOS transistor 
112 for lightwave signal detection — the 1st and 2nd wells of p mold — nfVIOS equipped 
with Fields 15a and 15b is used. Moreover, the signal output circuit 105 uses what is shown 
in drawing 5 (a). 

[0040] Next, according to drawing 1 , photodetection actuation of the solid state image 
sensor with which a single string continued is explained briefly. Photodetection actuation is 
performed by repeating a series of processes which consist of an are recording 
period~read-out period-**** period (initialization period), as described above. Here, 
explanation is begun from an are recording period for convenience' sake. First, in an are 
recording period, while impressing an electrical potential difference (Vpd, Vps) (VDD), for 
example, about 3.3 V, to the drain fields 1 7a and 1 7b and the source field 16 of MOS 
transistor 1 12 for lightwave signal detection, the gate electrode 19 is grounded (Vpg). 
[0041] this time — the 1st well — field 1 5a and the 2nd well — the inside of field 15b and an 
epitaxial layer 1 2 depletion-izes. and the 1 st and 2nd wells — the inside of field 1 5a and 1 5b 
— the well of the high concentration buried layer 25 and its periphery — the electric field 
which go to the high concentration buried layer 25 according to the difference of the high 
impurity concentration between Fields 1 5a and 15b arise. Then, light is irradiated at the 
light-receiving diode 111, and an electronic-electron hole pair (optical generating charge) is 
generated. 

[0042] An optical generating hole is poured into gate field 15b of MOS transistor 1 12 for 
lightwave signal detection among this optical generating charge by the above-mentioned 
electric field, and it is accumulated in the carrier pocket 25. While the depletion-layer width 
of face which spreads in gate field 1 5b under it from a channel field is restricted by this, the 
potential of the source field 16 neighborhood is modulated, and the threshold voltage of 
MOS transistor 112 changes. 

[0043] When there is dispersion in acceptor concentration within the carrier pocket 25 at 
this time, supposing it is sweeping out all optical generating charges in the initialization 
period explained below, as shown in drawing 3 (a), the height of potential has arisen 
corresponding to acceptor concentration, and since it is partially accumulated in the low 
place of potential while there are few injection rates of an electron hole, when a lightwave 
signal is read, black crushing of an image will arise. On the other hand, with the gestalt of 
implementation of this invention, as shown in drawing 3 (b), in the initialization period 
explained below, the optical generating charge of only the amount which the so-called black 
crushing does not generate is accumulated in the carrier pocket 25, and flattening of the 
potential distribution in the carrier pocket 25 is carried out. Therefore, when an optical 
generating charge is stored up more than it from such a condition, the modulation of 
threshold voltage becomes uniform over the channel field whole region. For this reason, 
when a lightwave signal is read, generating of the so-called black crushing of an image can 
be prevented. 
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[0044] Next in the period at the time of termination of an are recording period, while holding 
the output (Vpg) of the VSCAN drive scanning circuit 102 with touch-down potential (it 
becomes the gate potential of MOS transistor 112), let source potential (Vps) be 
touch-down potential. To coincidence, the 1st switch CK 1 of the signal output circuit 105 
is closed. On the other hand, VDD drive scanning-line 22a is maintained at about 3.3 V. 
[0045] In addition, in an are recording period, although the electrical potential difference of 
the difference of the source potential memorized by the 1st and 2nd Rhine memory Lms and 
Lmn at the last period is outputted to the video-signal output terminal 107, this actuation 
will be explained after a blanking period, next, a read-out period — setting — the output 
(Vpg) of the VSCAN drive scanning circuit 102 — about 2.2 — it is referred to as V (it 
becomes the gate potential of MOS transistor 112). On the other hand, VDD drive 
scanning-line 22a is maintained at about 3.3 V (it becomes the drain potential of MOS 
transistor 1 1 2). 

[0046] about 2 [ namely, ] to which MOS transistor 112 can operate by the saturation state 
to the gate electrode 1 9 — about 3.3 to which the gate voltage of -3V is impressed and 
MOS transistor 112 can operate to the drain fields 17a and 17b — the electrical potential 
difference VDD which is V is impressed. Thereby, the reversal field of low electric field is 
formed in a part of channel field of the carrier pocket 25 upper part, and a high electric-field 
field is formed in the remaining part of a channel field. At this time, the drain voltage-current 
property of MOS transistor 1 12 shows saturation characteristics, as shown in drawing 8 . 
[0047] Thereby, the 1st Rhine memory Lms is charged. And source potential will rise as 
charge progresses, and a drain current will not flow in the place where source potential 
became equal to threshold voltage. Thereby, charge is completed and the threshold voltage 
(source potential Vouts) by which light modulation was carried out to the 1st Rhine memory 
Lms is memorized. The electrical potential difference (that is, noise voltage (Voutn) is 
called.) which originated in the charge by the optical generating charge besides the 
electrical potential difference only by the optical generating charge is also included in this 
threshold voltage. 

[0048] The 1st switch CK 1 is opened after termination of a read-out period. Next, it moves 
to initialization actuation, initialization actuation — setting — the inside of the carrier 
pocket 25, and the 1st and 2nd wells — the charge which remains in field 15a and 15b is 
discharged. That is, potential of a drain is set to about 5V, and potential of the gate 
electrode 19 is set to about 5V. Thereby, induction of the electron is carried out to a 
channel field, and since a source field is connected with a drain field through a channel field, 
the potential of the source is also set to about 5 V. 

[0049] the electrical potential difference impressed to the gate electrode 19 at this time — 
the 2nd well — field 1 5b and the 2nd well — the epitaxial layer 1 2 under field 1 5b is started. 
The continuous line of drawing 2 (b) shows the potential distribution of the depth direction 
which meets the I-I line of drawing 2 (a), and the potential distribution in the carrier pocket 
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25 which meets the ring-like carrier pocket 25 is shown in drawing 3 (a). Although the 
potential barrier of the carrier pocket 25 is made shallow as the continuous line of drawing 2 
(b) shows, it is made the suitable depth, and he discharges most optical generating charges, 
and is trying to leave only the optical generating charge of the specified quantity by 
impressing a suitable electrical potential difference as shown in the gate electrode 19 as the 
continuous line of drawing 1 . As shown in drawing 3 (b), while being able to store up by this 
the optical generating charge of only the amount which the so-called black crushing of an 
image does not generate in the carrier pocket 25 before are recording, flattening of the 
potential distribution in the carrier pocket 25 is carried out. 

[0050] In addition, for a comparison, the dotted line of drawing 2 (b) shows the potential 
distribution of the depth direction which meets the H line of drawing 2 (a) at the time of 
discharging completely without leaving the carrier in the carrier pocket 25, and the potential 
distribution in the carrier pocket 25 which meets the carrier pocket 25 of the shape of a ring 
when the carrier pocket 25 becomes empty as a result is shown in drawing 3 (a). By 
impressing a higher electrical potential difference as shown in the gate electrode 19 by the 
dotted line of drawing 1 , as the dotted line of drawing 2 (b) shows, the potential well in the 
high concentration buried layer 25 disappears, and the optical generating charge is 
discharged completely. In this case, in an are recording period, since the bias of potential 
has arisen in the carrier pocket 25 as shown in drawing 3 (c), an optical generating charge is 
unevenly distributed sequentially from the low place of potential, and is accumulated. 
[0051] After only the specified quantity leaves and discharges the optical generating charge 
accumulated in the high concentration buried layer 25 as mentioned above, in the period in 
early stages of the blanking period in front of an are recording period, the output (Vpg) of 
the VSCAN drive scanning circuit 102 is made into touch-down potential (it becomes the 
gate potential of MOS transistor 112), and the output (Vpd) of the VDD drive scanning 
circuit 103 is set to 3.3V (it becomes the drain potential of MOS transistor 112) at 
coincidence. Moreover, the 3rd switch CK 3 is closed and the 2nd Rhine memory Lmn is 
connected to the source field of an insulated gate field effect transistor 112. 
[0052] next, the period after termination of the period in early stages of a blanking period — 
setting — the output (Vpg) of the VSCAN drive scanning circuit 102 — about 2.2 — it is 
referred to as V (it becomes the gate potential of MOS transistor 112). On the other hand, 
VDD drive scanning-line 22a is maintained at about 3.3 V. Thereby, the reversal field of low 
electric field is formed in a part of channel field of the carrier pocket 25 upper part, and a 
high electric-field field is formed in the remaining part of a channel field. At this time, a drain 
current flows in the source of MOS transistor 112, and as a drain voltage-current property 
is shown in drawing 8 , saturation characteristics are shown according to threshold voltage. 
Thereby, the 2nd Rhine memory Lmn is charged. Source potential will rise as charge 
progresses, and a drain current will not flow in the place where source potential became 
equal to threshold voltage. Thereby, charge is completed and the noise voltage (Voutn) 
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which originated in the 2nd Rhine memory Lmn at the residua! charge by the optical 
generating charge is memorized. 

[0053] The 2nd switch CK 2 is opened after termination of a blanking period. Subsequently, 
although it returns at an are recording period, while performing are recording actuation at 
this time, actuation which outputs the electrical potential difference of the difference of the 
source potentials Vouts and Voutn memorized by the 1st and 2nd Rhine memory Lms and 
Lmn at the last period is performed. Thus, the video signal (Vout=Vouts~Voutn) proportional 
to an optical exposure can be taken out. 

[0054] As mentioned above, although the potential barrier of the carrier pocket 25 is made 
shallow by impressing the suitable electrical potential difference for the gate electrode 19 
as the continuous line of drawing 2 (b) shows, it is made the suitable depth, and he 
discharges most optical generating charges, and is trying to leave only the optical 
generating charge of the specified quantity in an initialization period according to the gestalt 
of implementation of this invention. While being able to store up by this the amount only of 
charges which the so-called black crushing of an image does not generate in the carrier 
pocket 25 before are recording, flattening of the potential distribution in the carrier pocket 
25 is carried out. Therefore, when an optical generating charge is stored up more than it 
from such a condition, the modulation of threshold voltage becomes uniform over the 
channel field whole region. Therefore, when a lightwave signal is read, the so-called black 
crushing of an image can be prevented. 

[0055] Furthermore, in a series of processes of are recording actuation-read-out 
actuation-******** (initialization actuation), when an optical generating hole moves, the 
ideal photo-electric-conversion device which does not interact with the noise source in a 
semi-conductor front face or a channel field can be realized. As mentioned above, although 
the gestalt of operation explained this invention to the detail, the range of this invention is 
not restricted to the example concretely shown in the gestalt of the above-mentioned 
implementation, and modification of the gestalt of the above-mentioned implementation of 
the range which does not deviate from the summary of this invention is included in the 
range of this invention. 

[0056] For example, although 5V are impressed with the gestalt of the above-mentioned 
operation as a suitable electrical potential difference for leaving the optical generating 
charge of the specified quantity and discharging most optical generating charges in an 
initialization period, it cannot be overemphasized that this electrical potential difference 
changes with component parameters, such as thickness of gate dielectric film 18 and 
concentration of the carrier pocket 25. moreover, the inside of the epitaxial layer 12 of n 
mold on the substrate 1 1 of p mold — the 1 st and 2nd wells — although Fields 1 5a and 1 5b 
are formed — instead of [ of the epitaxial layer 12 of n mold ] — the epitaxial layer of p 
mold — n mold impurity — introducing — n mold — a well — a layer — forming — this n 
mold - — a well — the inside of a layer — the 1 st and 2nd wells — Fields 1 5a and 1 5b may be 
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formed. 

[0057] furthermore — - although various modifications can be considered as structure of a 
solid state image sensor where this invention is applied — the MOS transistor for 
[ whatever other structures ] light-receiving diode and lightwave signal detection — 
adjoining — a unit pixel — constituting — and the well of p mold under the channel field of 
an MOS transistor — it is in a field and the high concentration buried layer (carrier pocket) 
should just be prepared near the source field. 1 

[0058] Furthermore, although the substrate 1 1 of p mold is used, the substrate of n mold 
may be used instead. In this case, what is necessary is just to reverse all of each class 
explained with the gestalt of the above-mentioned implementation etc., and the 
conductivity type of each field, in order to acquire the same effectiveness as the gestalt of 
the above-mentioned implementation. In this case, the carrier which should be accumulated 
in the carrier pocket 25 is an electron among an electron and an electron hole. 
[0059] 

[Effect of the Invention] As mentioned above, although the potential barrier of a high 
concentration buried layer is made shallow by impressing the suitable electrical potential 
difference for a gate electrode, it is made the suitable depth, and he discharges most optical 
generating charges, and is trying to leave only the optical generating charge of the specified 
quantity in an initialization period according to this invention. 

[0060] While being able to store up by this the amount only of charges which the so-called 
black crushing does not generate in the high concentration buried layer before are recording, 
flattening of the potential distribution in a high concentration buried layer can be carried out. 
Therefore, when an optical generating charge is stored up more than it from such a 
condition, the modulation of threshold voltage becomes uniform over the channel field whole 
region, and the so-called black crushing of an image can be prevented. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the timing chart which shows the drive approach of the solid state camera 
concerning the gestalt of implementation of this invention. 

[Drawing 2] (a) is a component sectional view for explaining the drive approach of the solid 
state camera concerning the gestalt of operation of this invention, and (b) is drawing 
showing the depth direction which passes along the carrier pocket of the MOS transistor for 
photodetection in the initialization period of the drive approach of the solid state camera 
concerning the gestalt of operation of this invention, i.e., the potential distribution which 
meets the 1-1 line of (a). 
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[Drawing 3] (a) can be set at the initialization period of the drive approach of the solid state 
camera concerning the gestalt of operation of this invention. It is drawing showing the 
potential distribution to which it corresponds [ over which correspond and it is 
acceptor-concentration-distributed ] in the carrier pocket which meets the carrier pocket 
of the MOS transistor for photodetection. (b) is drawing showing the potential distribution in 
the carrier pocket at the time of similarly storing up the electron hole of optimum dose into 
a carrier pocket, (c) is drawing showing signs concerning the example of a comparison that 
the potential distribution in a carrier pocket changes according to the accumulated dose of 
the electron hole to a carrier pocket. 

[Drawing 4] It is drawing showing the circuitry of the whole solid state camera used for the 
drive approach of drawing 1 . 

[Drawing 5] (a) and (b) are the circuit diagrams showing the detail configuration of the signal 
output circuit of the solid state camera of drawing 4 , respectively. 

[Drawing 6] It is the top view showing the component layout in the unit pixel of the solid 
state image sensor used for the solid state camera concerning the gestalt of operation of 
this invention. 

[Drawing 7] (a) is a sectional view showing the structure of the component in the unit pixel 
of the solid state image sensor used for the solid state camera concerning the gestalt of 
operation of this invention which meets the II — II line of drawing 6 . (b) is drawing showing the 
situation of the potential in the condition that the optical generating hole was accumulated 
in the carrier pocket, induction of the electron was carried out to the channel field, and the 
reversal field is generated. 

[Drawing 8] It is the graph which shows the drain current-voltage characteristic of the MOS 

transistor for lightwave signal detection of the solid state image sensor used for the solid 

state camera concerning the gestalt of operation of this invention. 

[Description of Notations] 

15a the 1st well — a field 

15b the 2nd well — a field 

15c Channel dope layer 

16 Source Field 

1 7 Impurity Range 

1 7a A low-concentration drain field 

1 7b A high-concentration drain field (contact layer) 

18 Gate Dielectric Film 

19 Gate Electrode 

20a, 20b Perpendicular output line 
21a, 21b VSCAN supply line 
22a, 22b VDD supply line 

25 Carrier Pocket (High Concentration Buried Layer) 
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26 "Water Hiraide Line of Force 
27a, 27b HSCAN supply line 
31 Operation Amplifying Circuit 

101 Unit Pixel 

102 VSCAN Drive Scanning Circuit 

103 VDD Drive Scanning Circuit 

104 HSCAN Input Scanning Circuit 

105 Signal Output Circuit 

107 Video-Signal Output Terminal 

1 1 1 Light-receiving Diode 

1 12 Insulated Gate Field Effect Transistor for Lightwave Signal Detection (MOS Transistor 
for Lightwave Signal Detection) 

CK1 The 1st switch 
CK2 The 2nd switch 
CK3 The 3rd switch 
CK4 The 4th switch 
CK5 The 5th switch 
CK6 The 6th switch 
Lms 1st Rhine memory 
Lmn 2nd Rhine memory 
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(a) , (b) Srfflv^r»W-r». 

[0 0 2 2] 17 (a) tfu U 6 (O 5 ffifi 

30 (b) ¥**^«^®lw»5^V^^^«^S: 
/Ttit^^o 17 (a) J: 5 fc, TRKttftfti 

X 1 Ol8cm- 3 ^±COp^i/y 3^&ftS*«l 1± 
t£*«»*fln X 1 0l5 C m-3MOnlV!J3^x 

So 

[0 0 2 3] r^xt^^ryt^H 2^^3t^-r^— 
Kl 1 1 ^MtSWfflMOS h7^^ 1 1 2b& 

i o i £#§rrs * 5 ki, mmi-zm&mm i 

40 o llox^^m^ii 2^®ic, »RBMk (LO 
cos) tc J; o ^ -f -/i- KlftSdR (*^»»W6IMI) 1 

Tuxhoxmmi i±mz. x^^^^n 2^ 

7 -f -/V KIUHK 1 4 1 n m<D 
xe^^^il 2Sr5Mli-**5«-pai©»^l« 

[0024] ^ — k 1 1 1 c>i¥l»^cov^ 

TH7 (a) \c£<0Wimi-Z> o $t%?4*- Kl 1 1 

50 *»^»rtsnfcpa!^iBi^^*/v«*i 5ah jg 
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10 0 2 5] 7tt4MMU 7 11, ffiMEKWl' (LD 

d) «a*^«*«*«ai«MosK9^i?^^i i 
®* i 7 rt k w ^ttiEftfMft 2 2 icg^ $ nriEom 

Jg 1 O^o:/^* 1 5 a l^m-T&o 

[0 0 2 6J miCOV^yum&l 5 a^xt'^^r^t^ 
112 (tMO S h 9 V * 1 1 2 <D^~ h®« 15b 

&MOS F7^^ 1 1 2 0H««EEagWffi^««ft 

[0 0 2 7] Jblfi^gft^V Kill f£*5^ 

E»S*tTV>Si:V^5jflL"C, S3t^^—Kl 1 l 14* 
#LTV>5o 'lot, SaspffiO#V^*#:«*ffi^J» 
ftltfifflMOS h7^^ 1 1 2^p»Col>Td]7 

(a) lc4 9lftBJ1-£ 0 

[0 0 2 8] MOS F7^^ 1 1 2SMH4* Tfrb 

i 2rtlc**Sixfcpffl«)tK2©9^AHK«i 5 b 
*"LTV^6 0 r^MOShy^^^lUiiyy^ 

l 7 a n 

1 7 a (In^cO^^'S*! 7 fc-ftt&fcUft* 
£*lTl^c fittOKW 7 -a3&>&jfi9E*t-« 

^*64»«*1 7 <0*MJS22«fcf4, rco^ttftfMfil 7 
i«lU 1 33tV*-?5MtieaMil 4^ 

6 0 XIICO K w VIW 1 7 b 14 k w 2 2 © 

XT>^ h/I£ft6 0 

[0029] *fc, y^tto^Miufaot 

£ G y-*St*16i4, f*^^ai^^^oT^!3, 

^aMU^/^Ti^o y-*«ffi2 (my—;* 
l«i6Cittti^ 0 y-h«ffii9i4, K^y 
iinai y-^«i 6 om<om 2 <d^^i^*i 



5 

— Mil 9 TcO^ 2 Wx.JVffitLl 5 boii^ft 

Attft^K^ll 5 ct»*ttv>*. 
[0 0 3 0] */Hg«<0T<0SS 2 cD^/l^gi^ 

— .6co«ia»r-*)or, y— 6 

10 5^^$tvrv^ 0 ~C0p + m<D*cV 9T#*y b 2 

[0031] * ^mm^itikz titzm&, r#±zf 

20 ^#<ft£ 0 rcofc^, 3fc36£««fe> 5 ^fta^*-^ 

IdJt^T^rir V Ttftry V 2 5 < ft 

-5c dtUci;*?, /u&zco*^}) Ttf try b 

[0 0 3 2] m7 (b) til%«£*--~A'*S** V Ttftr 

fitf(:J:>5, MO Shy #112 <DMiMWJ£ 

ioT»2©!>x/HB*l 5 b|:85#ty T^^ffil 
l«£3§#fcfciLTV>£c CC0«^. Sl^PLfc«E{Cj:o 
T, ft^«0ft^hWll 5 cb$g2V>$ 

^mmi 5 b b<D#Rmfrh£2.m&f&2v>9^A4tt 
mi 5 bicjK^O. pffi<o*Ki i £3Lbr***> 

5 b^T©xt^dr>>t^il 2JO£;5S£ o SoT, ^ 

±b tt»2©*x^*l 5 bM2 0!)x;l^i 
1 5 bcDTcO^tf^^v-^/l-H 2^^>fc5o 
[00 3 3] m 4 Sr#fi8 LT±fBcO«itcD^fili 

tlBt^c 114(4, ^PJcO^ScO^ffiiC^it^MO 

5ic, roMOSl^^-^tyfii, 2 fojcT u—t 

50 £ Q 
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ioo3 4] *fc, (vscan) omm 

^iKl 0 2RtJ t KW >-*BE (VDD) <£>i£lteS 

& 0 2 1 a, 2 1 bi*SifefeS«# 

(VSCAN) £)Kl(l££l3tt 1 0 2frbftUK— o-f 
oTO^o #IEM«fMl2 1 a, 2 1 bttfr 

^riBjidfe^ro^ij^i o i ^comos 
* 1 1 2 coy- Mc»KtS*iTv^a 0 
[0 0 3 5] *fc % KW^IE«H (VDD« 
j§§0 22a, 2 2 blSKW^IBSE (VDD) (D^I!)^ 

mjE»*&» (VDDMI) 2 2 a, 2 2 b Wt, ft #1*1 

icat^r<o*fli:w* i o i rto*(B#*fflfflMo s h 

#iI^M2 0 a, 2 0b i^lJ^lRliCi^'C^M 

®*i o i rt©MOs h7>^^ i i 2(oy-7« 

[0 0 3 6] $ MOS F7^^^ 1 1 2<£>y — 

^««l±««IC*ktHA« 2 0a, 2 0 b &il ttff 

m*ISI»10 5i«RU-CV^. aK**«# (VSC 
an) Ruyc¥*aiEflr* (hscan) swu 

#*tM&®i§l 0 1CDMOS l^^X* 1 1 2£IglfrL 
T#<DAttJfcKJfc«Lfc, ^©m^ic J; 5 y £ 
^**V>Ufcfife«# (Vout ) j5Sfflr»ffl*l3Kl 0 5^ 

[0 0 3 7] ±SO^^"t±i*lHlK 105 ^»tt*H 5 
(a) , (b) JC^lh, 15 (a) Xn, y-*|g«l3 

^-o-y^y m^ltv^o y~*««i-s«fl£«Me 

H5 (a) ICij^f <fc 5 *«f(*afflMOSh9^ 
2coy— <0*-f ;y^CK 1 £;frL 

— *«tt«:lE«U Pli:<S20MyfCK24r^L 

B«Sixfc#y--^«ffif4**tWJS3«>^>f yfCK 
tnA#£*U *«E-e*>S*fflr#«E**¥ffl*»2 6 

fcHtrt;M h*«r^>*EIKSrfllJ*;i-5J:5*iaK 
[0038] as ( b ) ii, ik<Dm j f?mt}m& 1 0 5 O 

W4r^i-laIKH-C*>So B5 (a) -Cfl> {f^-ai^lEi^ 
1 0 5rtty-^fi«l 6UlA*^t^^^&4S? 
^y^Hms, Lmn£tEI£LT^6#\ H) 5 (b) 
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ioo3 9] s5c*5, ±E«*a*ia*i OSte^s/ 
f IS (CK1-CK6) r±, ^E«§l&£l8B3*r£;r£ 

$}\z.ft$ofri%> X 5 (CMO S ^7^^f^*itXtt 

1 1 2ilTpl0SlMl2^)')x;l^ 
Sl5a, 1 5blrix.fciiM0S^ffi^6 0 tfc, f 
f ffl^IUSl 0 5tt@5 (a) JC^-f-fcOSrJlV^o 

[0040] aiia^ot, -m<Dmmv± 
mnmizm^x, MtiMMos h^vs^** 1 1 

20KW^f«17a, 1 7 bJt&y--;MMftl 6 fc: 
®JE (Vp d, Vp s) % «M»3. 3 V (VDD) 
%f%M1~Z>kkh^ ^htffil9^Ii (Vpg) 

[0 0 4 1] roil, ilO!?3:/VS«l 5 a, % 2 

5 brt(CttXift£*l&J|2 5 &*<D«3a«©*^M«* 
15 a, l 5 b 2:^m<D71«ttSft^X^J:0iC««fll 

ki 1 iic3t^jwur, m^~iE?L^ (*^^««r) 
[0042] ±iEm#i-j: *) z.coit^mM<Doh%m 

— h««l 5 biC&A£*K ^tPT^y>2 5 
(c, |;oy^«i 6 #&tf)^-r yvt A-^H £ ft 

T, MO S b7^^1 1 2<DtoKW£&&1k+& 0 
[0043] Z(Db%, V Ttf+ry Y 2 5ftXT? 

HI 3 (a) lc»1-J:5te, T^-feT^***;: 

#«**R*fcH Ufc i I iciftoloi: 
(b) t^-r^pi-, «T^»Wi-s«iJtlft»lBk:.j3^ 

v v 2 5^^>^^/^mwmt^tix\f^ 0 ^ 
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!5fll!lir*©»o-S*t«>«fe4rKJk1-6 r. i £ c 

[0 0 4 4] ^a^f^O^T«F^MiCl*3V^-C, 
VSCANB»£aE0»l 0 20>fHA (Vpg) 

m& (mos h^^** 1 1 2^y- hm&ttez) 

<D&tH%Wl~z>bbt>\^ y-*ftffi (Vp s) 

yfCKltBM, -*\ VDDJBli**i|»i2 2att: 

i-z>zk{c-t% 0 mmmm^m^x, vscan 

0 2 0^^ (Vp g) &/L-t2. 2V 
So — VDDflMil2 2a|j:M3. 3 V (M 

[0 0 4 6] BPfe. hSil 9CMOS h7V^ 

^11 2 frmn&nxMff u p 2 — 3 v cd^— 

EfrHttPU KW^S«17a, 1 7 b (CMOS 
^^112«l^|33. 3VO«EVDD4 

MOS h7V^^ 1 1 2CDKWV«m-«aE 
[004 7] r*UL£*K IlO^^^Hms^ 

iab^V^fi'gH LfcltEE (SUbSiWWE (V out 

n) iiw-a. ) fc^-ev^o 

[0 0 4 8] RffifflFfl©i*T», SlOMyfCKl 
S«15a, 1 5 brtteRS**fc#tiJi-5 0 IP*>, K 

[0 04 9] rcD^t, 9JCB3A1L^«BE 
WtfB2©*^P««l 5 b&tf»2<0£3v^ffi«l 5 b 
CDT^^fc^^v^WI 1 2UlJto&>5 0 12 (a) <D I 



i2 

- I»te»5***lftO#^>'^-ir^*SrH2 (b) 

!>T#4ry b 2 5 ftcDtfT-^i/^/Uftjfi&m 3 
( a ) IC^f o bm>U 1 9 {CllI 1 Oll-C/Tti: 5 

teM^temm$:%lM-tZ>z.b\z.£V) , i2 (b) <z>Hlft 

13 (b) 5 ic, yamo**!) 
rt<Dm<D%&±m$%wmi$^x& <zb #-os s£<b 

[0 0 5 0] *fc«0>fc&. ^t!)7/#j/ h 2 5 

^ 12 (a) ©I - IJ»fc»5«S#ft©aR^v*>* 

/^»*tBB2 (b) ©jam-e^u ^^i^tiir# 

h 2 5iC»5^r^ !)7^y K2 5P^O^xW^/W 
20 M^i3 (a) (C^rfo 9lCBBl<Z)j&lt 

(b) ©jfla»"C*i"J- 5i-> ^1^12 5^^ 

r^So »«»i«ic*^t* in 3 (c) iz^jk 

[0 0 5 1] ±fBZ><fc 5 KiK*&il&Ji 2 5 f£#«£*l 

fzftft&^ffi%mmmtmmvxmmi,tc& > mmmm 

30 CD^y7>'^>'^FflCO|0»^SII-*5V>T, VSC 
ANBIb£&@Kl 0 2©m* (Vp g) &&Jfettffi 
(MOS h7^^1 1 2(D^M&^^6) £ 
t, f^INPlCVDDto^jllKl 0 3« (Vpd) 
£r3. 3 V (MOS h7^^^ 1 1 2<D Y\s<i>m$L 

Xy ii^hii»fh7^^i i 2©y-x 
[0 0 5 2] 7ji/*>?nr%(DtyM<Dmm<Dm 

TWl(DMffl\Z.&i\,^Xy VSCANKldjfeaElHUSl 02O 
40 db/j (Vpg) 4M2. 2 V (MOSh7y^^l 
1 2C0^-b«fii:^S) i-fSo VDDIM 
Ii2 2aij:M3. 3 ViC«fctlTV^5 0 Z.tl\Z£ 
^U7^5/ h2 5±^ft^«©™K 

^^^1 1 2^y-x{cKKylS^-c, KM 
>-mjEE-S»##«, m 8 J: 5 Htt:®Ele:« 
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ia^^v^iif^esttifffi (voutn) asie 

[0 0 5 3] ^7^^>»1^m g?2CQ^-f>;/ 

m&Vouts, VoutnCO||60*JEtrm*"rel!l^trfT5o 
rcoi:5I-L-C, ^Mltfil-it^Lfc^ft^ (V out 
= Vouts- Voutn) £r^9 fflt^iWSS. 

[0054] sx±<d£o^ zommcommmmicx 

&W£Lte^tcrt<Dm>ffiM*Wm£^Xte< ZkfcX% 
%>kkh\z s ^rtyr^y h 2 SPHD&T*' a& 

m^mtztiZo Sot, z<D£?f£jfcMfrh"tti£i 
-y *MMm±mct>tc o -c-«icft 5 C lot, 

[0055] *e>^ arw»fp-ttw»fp-»a»fp 

[0 0 5 6] fljfcrf, ±e©JBS<E>««TWU SOJSHfcJH 
x;lf|l5a, lSb^Mlt^^ n|(Dxt 8 

mv^miHizniRxfm2(D$^^mmi 5 a, 15 

[0 0 5 7] gfefcl, 

^o«3tt L-ca^o3E««ds#i fetus ttoltig 
Wt4r9-Cfc*^ **^*-Ft3HM'«a»©MOS 
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S h 7 ^ ^ <Df t «TO p !? x;vf «ft 
[0 0 5 8] pl(DlSl llrlV^V^^, 

10 [0 0 5 9] 

£Lb<BJ:5fc:. 30JHft: 

[oo6o] 

r fillgljAI rt o #t >- 

^lr¥t&tsri:^t?#5c tot, ro£5*4fc 

he ^ m% * * ^mm^mcio tc^x -n m * t> , m 

[BiBoflfJIiftBn] 

[Hi] ro«no|ltto^1IBfic«SB««ft£SoJe 
[B2] (a) 14, ^«noXlt^lB^«SS«:»«k 
(b) fl, ^P|©lloiII:i^@MtiI« 
30 ^^(D#fy7^y b«r9*iR£;£ri*U fiPt> (a) <£> 

[13] (a) *»w©saKo»«ic««H*jm 
h7^^o^fyj^y Mc»5*-r 

h^cD7^t7 P ^MMl^lSt6^fy^t/^ 
*t/TtHt*>5, (b) l*IHC< y T*^y hrt 
J!:M*«)jE?Lfc»a*-«:fc»*K:*5H"**-t 5 7#*y 

hrto^^^-t/u^^-t-a^efc^, (c) teJfcft 

m\z.mz>, ^r^vr^&-yb^(DiEiL(Dwmm\^ox 

40 y Ti$*Tv Frt©^fy'>t«^^t6if 

[H4] Hl©»»*8feJcfflv^feixSH»««««^ 

[15] (a) , (b) fit, *jh,«xB4(0@#»*Mg 

■(D«»W*lHl»<0B*lB«rt*:^i-|slKHT?fc*o 
[11 6] *BP^^*^^^i^S©*»^g^ffl^ 

[H7] (a) \% s m (o nnmmim 2>m&m& 
50 mmcm^tizmfaMmm^mmmtevm^m 
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ag^r^-r, m 6 <Dii~nmi^o mmmx*h% 0 (to 

[18] *^PJO^CO^Bi-«§S*}i^«i-«V> 

bits iMti^^MfiltiilMO s h7^^ 

15a ^1 tf>£3i/MK*fi 
15b 120^/^8 
1 5 c ft^K-^l 

i 6 y-*n* 

1 7 5F*6«3«« 

1 7 a HlitOKM^ttt 

1 7 b K«S«OFW^« hB) 
18 

19 

2 0 a, 2 0b lEtB^I 

2 1a. 21b VSCANM» 

2 2a, 22b VDD«I 

25 *+vT#*?h mm&m&m) 



16 
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